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Aa you may surmise, I am beginning to commit myself to a definite theory of 
transduction in Salmonella, but I do not take this as more than a guide to fur- 
ther experiments. Phage hfeCti5A resulti in a fairly thorough disruption of the 
baotsrial nucleus, most of which is oonverC;$d into phage llnuolei". Some of the 
piecea are, however, incompletely digested but are nevertheless incorporQtred into 
phage particles. (3% have soms evidence that the mm partlcl.es =A:& tram&me 
also carry ly~genizing capacity). tlheaa convey the bacterial frsg&ents to a new 
cell, which often eacapes death by being lysogenizid. The aost ticklish problem 
ia how the fragment is reincorporated, ae it ie almost oertain thn_t; its old homo- 
logue is rqbcd. us ~ueestion is that the fragvnt synapses with its homologous 
segment L-i tllu 53 t mxlm~, jnd is imclportid i&o an intact %hrc.msom~~ eriiy 
at mzbseque~iL, i%e,;LL:stik.fo:Yti. X say chmosom fragment rather than DNA macrolnolecule; 
be it ap1 gc:~ 61 iuii s Iio:<l~v~:*; (;:I I)IWEQ theoretical (but still sound) grounds, I cw 
see no poeslbilIt2; of tha I:ont~~t2, of bacterial ;heredity by an unorganivsd laehagerie 
of determir.:u~~t.~,~ one 0)~ eaoh trait, and each independent of the othera. Perhapa 
it is t&m to attempt trtusaduction experimnts in higher organism ;;Sth preparations 
5X i5Olat;ed C!iPOlW~OkW2! 

To contrast with all of the above, E. coli (K-12 and about 50 others) la atill 
"80XWd.~. Tom Nelaoa fs here doing som ph$yaiological and kinetic atudiea with Hfr 
straina) if we’re lu&y, we may have 85fm mioroWopic fact8 before toom&ong, but 
them ntight not kr go decisive on the queatlon of aexu~ohaniam a8 Might be hopefully 
imagined. 

To Harriett and yowseU, best v&has for the 8ea8on and the new year. 



A thsory of the underlying ~~~~hanisnt of transduction in Salmonella is 
beginning to ermrge froathe experimental facts, but its present status is 
not so secure as to be aore than a guide for further stadiea, Firat, the 
FA ia almost certainly uarried by phage particles, as shonrn not only by 
attmpts at physiual separation, but by the ooimidsnue 3-n the production 
of BB and phage (either by induction of lysogeni~ bacteria, or lytlc growth of 
&age) ad by uimilaritiee iu the the aupsrfM.al properties in reaationa 
with vntiera and with the binding sites of oarious bacteria. In addition, 
there fs 8 dlutir-ct; ccrrelatlon between tranaduation and lysogeniaation, but 
the iittcr yroccso 549 ntlil vary poor- lyr tmhrstood. The phage is regarded as 
a PC.:.: ix-t v~hicla for the gen&ic mterial of the bacterium, for the range 
of tra!.t;? th2t r. gLtx?n phqe preparation can trarvzduce is United by the 
genctypc :;I tho bactsric on which the phage has just been grown, and its 
prevloua hosts lsavs no *rossion after a aingls cycle of growth on 8 new 
host. The association of transduction with phage actiaity cm be disrupted 
by trca+bmt tdth ul.tra-violet Ug’nt at very hi@ dosm u;hich leaves moat 
of the tmnsduuing activity intaat while remov%ng the @.aqua-faming capacity 
of the ~tq~It 2.3 C!btibtfUl Lb% ti!CWe h%S tY?Ctl PI &S!CP,J. ~~~~I% tiOKk of 
Fii fYG p! ~:!"iS;gG j 'Ait tkA.5 JULTt ctiil he mrified. It 80~ms more likely, rather, 
t&i; the &iLit$ of the phagel, qua para&+&, to multiply in the bacterium 
hm IJWJ! iq;a.irud niQmut; &x&q&q t?m mchan~cs of Cx-m~~tf,oa of the 
ctoutc.Qtt, 2 tt? 3 i;!;Lq3 >nrt2cxe 13’,0 th? h3c,$L&.vn. Tf, is net LWpriaing that 
th4 FA, "l"js;@iGnt." :$mi?mtl ham il much W&J.?, cf+?cct~m crom34mfAon than thu 
inter: t •~~~c+,~F?.LzI tii* the; tr2ruo. cur infcmntlon on the fnt0rvenlng steps of 
tratidtkK,t~.~~. .‘.Y Vcr;; it.Jibd.. “9 b$VJ mat I% can, in +tha end, recover a 
dl fl~aotio:; of bnct,eria (CF.. I@ at s~~s~7tj to ah&,: P nan tx,dt has been 
&&J:7&;;c*fi, 33-l th.3~ :Ls fa*b?.:r nlrtmtanti.%l~ ev-Wmm irom n~ologioal work 
that the old ho.n~l~qu~ i.5 no ionger present. Vf* cab or3.y ~ecLi.ate on the 
detiajls ri.Lb the Fre;ssnt tQm. With only a slizg’le exception W~nttntioned 

q fail0 tri?r,sauctio~ cif different traits nss e~tiralp independent. 
: -, 

:.fy m”dcra r5.bo’:t txmsdu~f.im .~FF‘ stron;Iy coLMI.:.ton~ri x15m&faoms a priori 
notLu!lr; cf j+2lat:.:: cJry;&n,cl.tPon ~ Qth~m?h the e~r.tmnte mm-~ to show that 
ettn kuL2&.c gGns*pe c 2n be ~?wt,tsrsd‘~wi%hol.r.CJ d.+st.rq&r the fun&Ion of 
ths isclatad pa&s, f can.nef belAeve that WI nrganlera as cosr$ex as a bacterium 
can 3U2ViV~ 5,~ vi~fm of arr_ unorgrd,ced rmsagble of deter~Ankuxts, one for 
eauh h.3r it&la 3iXlC’LiO;i. There in theMTi>rs t!?a t;loklll.oh ;~~:)b,Lxa of reeoncil&g 
4213 dh~g~d.~~rl. F.'i ~5th the orgwizei-r bacfAC1ilZ ~wnot,or?e, af finding a atecha- 
him preaias ermgh to allow for the seplamment of homologous ieterntlslants. 
Th5.s problem w%s not aouta when tranefoaaation e+sriPlsntr? aG?tied to s&ngle 
or wwy few chariiot~rietic3- one aan aplogizs for a few varbsties of plasm+ 
genes diffused throughout the cell-w but it ia becoming incre;lsl.ngly clear 
that transductiom can ea~o~ass the entire genotyp, piaoe by piece. There 
is known ona msehenisa &at my have the nectessary precision, namely the 
synapsis of homologous segnsnts of ct)romosomes of h.ighe)F form at atdot&, 
and it seems &most neaaasary to inwoke it here. One cm thus postulate Mai; 
%uLli.~estet.” ohmmsomff, fragmnta are transported by phage particles to new 
host baotmia, that in these bacteria a fragmnt lpley synapse with its homlogue, 
and that it may be inaorporated (or be used as a model for) into an intact 
chromoao;as at a later replication. ‘$0 have some evidenoe that many transductions 
(of a nkot%lity faator) my be abort&m, i.e., the nuw gemtb sffwt is lost 
after a few cell divL&m,s~ itmustbe kept ia R&ICI that we usually see only 
the suaaea~es, and the low efffcien~y of transduction leaves a good deal. of 
room for ths failures. *iJs are sl9.U uncertain of the ehemiatry or the genetia 
soope of the fragaents- a sin& instance of Unkedn transduction, as mentioned 
tend8 againat the notion that we are desling with & ~genes, whatever 
that may mean. 



Another line of work that appears to be promising ia a study of flagellar 
phase variation in 3almonelleP- if yo# niah, you can look up the natural hia- 
torical detaila in Topley end Wilson% textbook. The main point is that each 
aerotype shows a pair of flagellar antigens, only one of which is expressed 
at any one time, and between which t tare ia a mutatiye-like oscillation at 
a rate that may be anywhere from 10' to perhaps 10 4 per division. The phase 
variation ia precisely reversible, i.e., one elmoat invariably gets back the 
initial phase, 50 that the aerotypic formulae usually present the two alternatives 
aa, e.g. (S. paratyphi B) bbt1,2 meaning a reversible variation from Ib to 1,2 back to 
tr and SG forth. Other types may be, e.g., i:1,2 (S. typhimurium) or b:enx (S. abony), 
80 that the character of the eecend phase doea not appear at first glance tc be in- 
herent in the first. iI might add that as a medical student, the numerous recombina- 
tiona of antigena in Wmone1l.a seemed to ma a compelling clue of genetic recombina- 
tion in bacteria, end that the hope of studying the genetics of phase variation waa 
a p~incipi;l motivation cf taking up Salmonella aftar E. coli]. 

On the surface, one :riight well expect to f4nd a situation here aa in l%ra.mecium, 
where the potaatialitiea for alternative phases would all be laid down in the bno- 
type, which does not vary, but whose fmnediate expression is controlled by extra- 
nualsar fb;ctors, the cytoplasmic state. This is not contradictea by the first 
finding, that the phaaea are transduced separately 80 that one gets from an 
experiment such 8s is&& *-K b:enx withe 
justifies symbolizing two "loci": e.g,$ Hl 

1 i:ygc or b:1,2 but never i:1,2. This 
2 ' of which Hl is already mentioned 

aslinked toRlcr, 
i 

but it ia not li*nked to H . 
&I 

A paradox only arises when one con- 
aiders the activ ties of PA prepared from ei er the & or 132 phase alone. One would 
have axpected them to be equivalent, but in fact, &:1,2 -x b:enx givea only &:enx 
(where the expressed phase is underlined) and 50 on. Unfortunately, I do not yet have 
suitable material to be entirely aur8 of the role of the phase of the recipient cells, 
but thia does not seem to be decisive. The cwperfments have also been done in reipro- 
-=&$yp namely g:cax --x i:lB2 with comparsble results. This would seem to indicate 

ia not represented in the PA from&l,2 cells, although it must certainly 
be pregent in aoma form, as it reappears when &t1,2 is replaced by p, as in a trans- 
duction experiment. 

These data mast appear confusing, but they are aonaiatent with duke interpretation 
(inter alia) which may be more interesting. Uhlike Per~m~cium, it would appear that 
the stat43 of a locus remains with it after it haa been transported to another cell. 
That is to say, there ia a local state of activation or suppression, which tenda to 
persist in heredity, though not indefinitely. One can tigine a steady state cycle 
through the cytoplasm and back to the nucleus, but thia is somewhat ad hoc at present. 
It my be rather diff&&ult to prove this notion in Salmonella, aa we are alraady leaning 
heavily on our tentatfve conclueione about traneduction. However, it my afford another 
model for differentiation (I.f any more are needed) which is a compromise between 
differential mutation and aytoplaamic segregation, both of which are untenable in their 
extreme forms. I shall be surprised if this ia an entirely new suggestion. 

Norton Under, as you may know, is at Rockefeller now working with Sohneider, but 
not entirely isolated from Hot&kiss. I trust he will be well imbued there with 
the unique significance of DNA in heredity. Ton Nelson is with us now, doing so.ms 
kinetic end physiological studies with Hfr atraina in E. coli rscombinatioa. K-12 
end some 50 other E. colk strains are still flaexual", although Larry Morea and Esther 
are working on a unique transduction in K-12, whereby a '3alA marker can be transduced 
by lambda, This is the tily trait that 5t35nm to work--the main reason it had not been 
picked up before. The sexual and transduction mechanisms are still quite distinct: 
the former requires the V +tt factor, but not lambda, and the converse. If we are lucky 
we may have aoma microscopic tigea of K-12 recombination, but these nay not be so 
deaiaive aa might be imagined. 

To Harriett and yourself, beat wishes for the aeaaon and the new year. 


